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Microbfologfcsl end gcnetfc studlcs 

For several years@ the mafn focus of mfcrobfologfcal 
rrserrch fn thfs laboratory has been on the constructfan of 
sfmple model,systcms ~ar~thc,gcnetfc~d~vers!ficstfon oi 
8fmPle Qcnctfc codes, Thfs work entrllcd the use of 
trec:omblnant,DNA! technology to construct brctcrla that had 
8lmole~monofonous synthetfc )esu~ncest whose further 
WolutfOn could then by studied fnFdctafl, The tcchnfcsl 
tesk*hss provep to bc tsr more dffflcult than was 
orfgfnally envimagcd) gut on the wey we have made a number 
et tmpoptrnt advances in a) methods of DNA spgmentatfon and 
fm~lrntrtlon I b) understanding of the condft(ons for 
exprer)!on b? qcnes exchanged among widely~dfverse 
breterfrl s~cqies~ and c) the prevalence of me hrnlsms for 
PPomfSeuous miring of genes among becterir be1 evcd to be f 
suite swarrte In en evolutfonsry ucnsc -- e,g, Bacfllus 
and Staphyloccus, In a sense this jrst ffndfng may 
unexorctedly prove to be the,most im~ortsnt of our 
eontributtons to the theme of the origin end evolution of 
lii8, 

In the light of the unexpected fcroclty and 
hostil;)ty of Contention rbbut the oublfc hcslth hrrrrds 
of work wfth recombinant ONAl 
-9 slthough we have endeavored to stay-as far as oosslblc 
from sftuatfons with credible Pathogenic potential -- we 
h#ve declded,to ohasc out our work under NASA support that 
directlv lnvolvrs recomb]nant ONAl and thfa will no longer 
be pgrt of_oyp eontfnurtfon ~FOPOI~~, Howevcrr we wfll 
oomtinue efforts along the lfncs a? c1 abovep nrmely to 
seek rtfll~broader undcrstandfng of the extent to whfeh 
genetfc fnformatfon !s shsred wfth a common gene oool among 
microbes 9 Julian Davfcs, for l xamplcr has long socculstcd 
that rnt~b~ot~a~produ~ing StrePtomycetss l rc the primary 
resoruofr of Plrsm~ds that recur in a wide range cif 
pethogpnfc becterfar and by conferrfng ~csistrnce to the 
rntlblotfcs result in serious clinical problems, However, 
dlrqct support,for this degree of oanmixfs has yet to be 
rchievrd exoerfmentally, In the course of our observstlons 
of the~Staphy1ocoocus Y ~stlllus exchanges mentfoncd above, 
we belfeve we may hsve some hfnts how to overcome thcsc 
exper/mentrl bsrriersp and will apply these idee to 
bui ldfng genepal nolasmfd-frapsn to Tepturc the movement of 
Plasmfds 8mong.a vrrfety of soecfcs fn their natural soil 
hrbltatsr The fnafght sought here would of course be.of the 
grortest fyportrrnce for el the theory of evolution of 
miePobe8 (If not eukrryots? a8 wsll)r b) practfcal problems 
of the sources of sntfbfotlcrFcs!strncej and cl 



com~on~sense~temoe~#ng of raguletory controls that hsvc 
become a scrfous hindrance to research in this field, 

this lhiit pi emphasfs to natural habftets is coupled 
with en effort to get a better understendfng of the role of 
solid 8uPlfsces in m#crobfal ohysiologyr ecology end 
genetics, Some years ago? In connection wfth studies thrt 
helped to DPOVO that scnieillfn reted as en inhibitor of 
crllwusll svnthrsfsr 1 wee fmpressed by the role thet 
solld*agar had fn controlling the morphogencsfs of 
saherop~ssts or L-iorms in E, colt, Knowing thrt menyt 
OerhaOr mostr of the mlerobes rc8fdent fm soils havs never 
been fsolated in pure oulturar I wondered whctbcr much of 
labof8tory miefob~010gv m- using homogeneous,lfqufd media 
-9 is not an rrtefeetr f!r removed from conditionsof the 
nrtursl habf tat, In the fn$ervalr mrny~sofl mferobfologfsts 
have mrdr sfmflrr observstfon8 ~summa~fred in Marshall~s 
booklr at least of the Influence o? interfrees on the 
growth and Physiology of particular species, The most 
extreme speculatkm that I prooose to investigate is 
whether therg l re not many spacfes thrt heve,an absolute 
~equjrsment for a solid substrate -* f?om which it would 
follow,that conventfonal metho@ h,ave been eetlvrly 
@@l@ctjn$ agefnst the rccogn~tfon of en fmportrnt Dart of 
our bforphere, AR even mere fnC@~crtin~ Proposition is that 
these o~genfrms may also include rcoresentatfvas,oi t,he 
8lmplestr most p*imitive cqtegorfe! that could give further 
clues l bout tha baffling mfssfng,lfnks In the ~Scals 
Noturret, SOIIJO (feeble) support for such a speoulrtfon cm 
be $athefed from the fact that Mvcoslasmrrr which hevc the 
smrl lest genome-ml sea- of rny oresent ly known f reel I vi ng 
organfsmrr lack a rigid cell well, Some of these have8 to 
ba_@)rFer been cultivated in su@Penrfon~ but often only with 
dffflcultvr an! analogous L~~~aaes of larger beeterie 
generally resufre an l gar subrtrets, the fmolfcatfon is 
thrt a rfgfd well I and the rbflfty to prolffcratc rcsdfly 
In suspensfonr are later evolved attributes of-the 
ttypfcsl’ brctcrje compared to more orfmft~ve forms, So 
ierr the most wfmitivs mveodlaamrs still have the camPlet 
rw@rtolre,oi the gcnctfc sodor end therefore em gfva us 
lfjtlr fnsjght fnto its prfmarv evolution (unless one trkes 
thfs es cvfdcnce of soccfel ereetfon or of penspcrmfel~~ 

We must concede that we have made little progress 
@Inca OPsrin,fn brldgfng the hfetus between the 
chemo8ynthesfa of nuolcotfdca end their assembly into 
mranfnQfu~~ rutocstslv~fc sequencap -- in pert for lack of 
obs@rvrble representativea of the fntermedfate stages, 

Whfle this would be the most rewarding outcomr~ one 
doersnot have to stake onols fefth In thet speculrtfon to 
justify the rcseereh plan, The stretegv will be to 
eanlltruct medfa end deuf 

5 
es 

to Or$@ni@m@ in sojl 
thrt o?fsr lrrge surface erees 

hab tatat but which can be cxtrrcted 
i0r closer rtUdY- beg, glass films cithep berc or wfth 
varfou~ miner41 co&w, These will be menfoulated so es 
to encourege organfsms that have e Prcfcrcntc ior scssflc 
growth on the surfeoer end then samoled furth,cr for 
orgsnfsms that mry have e near- or total* dependence on 
such surfaces, (One mev not have to look frrl witness elnel 
and evsnophytfc iflms in equrrfrf but I do not know of 



critics1 comparfsons 04 their growth Dotcntfsl in adherent 
SU@DendCd mode It Is known that the sherthed hebit, essocfetcd with 

X:;aehment, of SphXcrotilur netanst is suppressed by high 
twhpt conccntrstfon8 -- there may well be many organisms 
thrt correspond to the atteched phrsc of Sphaerotflusr being 
unable to grow except as cpfbfonts,~ 

The @@@&istfonS bf bluc~arccn algrc with fissure8 and 
voids in the immediate sublsuriace oi dry Anterctfc @oils 
hem been Pofntcd outr by E.1, Prjrdmrnnr to refute the 
asscrrtrd stcrilfty 04 this terrestrfel hrbitat, and to 
point to 8ome eevests in the design of 1ffewdetcction 
strrtagfes far planctrry exploration, SaproPhytfe bacterfs 
that would exploit the PrfmarY Production of the algae 
would be+ry dlffi~ult to_ascrrtafn bv eonv~ntfonsl 
methods ff thev ware interface-dependent, This gap in our 
rPprecist#on oi the roil habitat is thus equslly fmportent 
ior laying the groundwork Car iuture planetrrv biolo$fcal 
Bcience and rngf nccrf ng, Furthcrmorep thsrp arc many 
l nr~dotal observst~ons of the enhrnccd resistance to 
t.hvnel 8tefilitation bf microbes in soil matricesj but the 
Phenomenon hem not been systrmatfcally lnvrstfgete~ with 
rraerd to meohani@m, Thump our orojscted studies of 
interface biology bear on problems 04 rurvival in hostile 
eny~ronmrnts ~tsrrestrial and extrawtcrrcstrielI es well es 
upon Praetfesl problems of dfsiniactfonr c,g, ior plenctarv 
wer4~tfnrr 

Cell culturra of mrmmalfen t~ssucs ere of course well known 
to be PFOfOUndly effected by their substrstes~ and bv their 
surfacc~interactfons with one another! but much less has 
been said about sueh dfcctr rmQng mftrobes~ not- 
wfthstandfng the obvious 4d4Pt4t~OWJ to surface habftsts 
seenr elgnr rmong stalked bacteria and in processes like 
dent81 deery1 

Pin411yr iew students 04 the origin oi 11 fe have 
FAILED to comment on the probable role of clay and other 
hrterogensous surfacas, for the local concentratfon of 
ehtmosvnthetfc Precursors of life, We thus note thatp while 
the e@ntral idera oi this research plrn are widely 
rntertafnr~~ they heve only rrrrly been the subject of 
concerted fnvestfgctfon~ doubtless because of the 
ove~whelmfng eonvcnlencc oi working with trrnsperent, 
homoqenous mcdje, 

Btsfdes the miner818 commonlv arsocfrtcd with sofl~ 
we will 4180 give partieulrr ettcntfon to polymsrfc carbon 
48 sn InterPhsse -- the orqvalence~ end 6dsorotfyc end 
crtelvtfc propertie of this materfal whlth Justify thfs 
choice em elaborated in part 8, oi this PPOPOS~~, 

8fblfogrrphy~ Part I, 

(this is not a sy8t8mstfe rdcrencc lfstr but the followfng 
sources will help to illustrste and enlarge upon the fdsrs 
Just summarfred,~ 
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A Perron.? fwec),; 
I am obliged to record the @cute deaoralftation -- that I knp all 
toa well kar~been ewtiepfqneed by otheF8 toe a- when the iundjng i’or this 
pFo]ect wa8 fnterpupted for rfx month8 from iireal diffiau!t(er at the NIAIDr 
an@ betore ft Far oo88ib\e for it to be taken up bv the NCIt having been 
impeded by famfl)ar bupeacratic ob8taele8r 1 had to contemPlate whether I 
rhould l bendon !abkratorv work fn thir-field! OP i? not how I would IJO able 
to eantlnue Slnancia? 8uqpbrt iop it, COP whfch there ape no rralfrtfc avenue8 
qther !han the current rool~cetIon, It 18 qufte PO88fble to get gPant/eontraet 
fund8 fop alternrtive lipe8 of workpwith ,oyrported short-term goalrr 
given but rome timer but my own highqrt Pr!opltier continue to be deddcated 
to the f(ald f? whfch I have worked for tht pa8t JO voaPpr elbef! on a steadv 
rtete rcelr yh(ch 48 con848tent w4fh the time I murt l lro gfve to other 
cay8elle I ehould note thpt the Vlkfng mlrrfon will heve been conrummrted 
sufte 8oone and that it 18 unlfkefv there ~411 be any other avenue fop 

purru~na the 8tUdy oi extPa*tePPeltP)al bfoloov-- which 48 to 8Paak to one 
8OuPee Of d~rtraetion, Hereinafter too I ten detaI1 how it ha8 become Po884blo 
to, integrate my cont4nued intereete in eomputr~*ec~enee with the prerent 
cwofect , And flneljyt I have-to repoyt that while I continue to do ram8 work 
ior W,HsO, end 8imfler l gsncie8r I no longer take thr gatlve (and time-conaumlng 
role in FepPerentlng the ideal8 of 8ClOnCO to the publje that I dtd 5 vear8 
aaoe 
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